THE MECHANISMS by which tumour cells infiltrate normal host tissues are poorly understood (Easty, 1966) . Various attempts to investigate the process in vitro have achieved some success (Easty and Easty, 1963; Barski and Wolff, 1965; Yarnell and Ambrose, 1969a, b; Latner, Longstaff and Lunn, 1971 ) but have not been susceptible to quantitative analysis. The methods used have frequently involved the confrontation of tumour cells with the cut edges of normal tissues. Such sites, involving both cell damage and stimulation of wound healing activity, were not ideal for the study of the invasive behaviour of tumour cells. In addition, if fragments of tumour were placed in contact with those of normal tissues, the region of greatest interest was that where necrosis due to lack of nutrients was most likely to occur.
In an attempt to avoid these problems, we have cultured as target tissues naturally occurring biological membranes, which if not more than 1 mm thick may theoretically be maintained in unlimited areas. We have also investigated the value of tubular structures, which similarly may be cultured in unlimited length if their diameter is sufficiently small. Such systems should also have the advantage that the added cell suspensions are all initially at the same easily recognizable starting line. Suspensions ofnormal or tumour cells were placed on the uncut surfaces of such organ cultured tissues and their ability to infiltrate assessed from histological sections in terms of the percentages of cells which penetrated the tissues and their depths of penetration.
In addition, the effects of colcemid, which depolymerizes cellular microtubules, and reduces orientated cell movements, and of dibutyryl cyclic AMP, which may restore many normal behavioural characteristics to transformed cells in monolayer culture, were examined.
MATERIALS AND METHODS
Culture of the chorioaltlantoic membrane from 12-day embryonated hen eggs.-The shell covering the egg airspace was sterilized with ethanol and removed. The circle of shell membrane with attached chorioallantoic membrane (CAM) thus exposed was cut round the edge with scissors and removed. The egg contents were gently decanted leaving the CAM attached to the shell, from which it was carefully removed with blunt forceps and allowed to slide, ectoderm upwards, into Hepes buffered medium in a dish. The membrane was cut into circles 20-25 mm diameter, which were lifted using 2 pairs of forceps on to agar-coated expanded metal culture grids. The tissue was then gently pulled into place without undue stretching, so that there was no folds.
Preparation of other tissues.-Omentum from rats aged 6-8 weeks was removed by careful dissection, being kept moist with sterile saline throughout. The CAM of embryonated eggs of the Japanese quail was dissected in the same way as the hen eggs. Other membranous tissues included hamster omentum, chick embryo omentum, amnion from embryonated hen eggs and the scrotal sac from young rats. Tubular structures used were young rat trachea, cultured as rings not more than 1 mm deep, and chick embryo trachea which could be cultured as tubes of any length.
Culture methods.-These were a modification of the method of Trowell (1959) Table) and were never detected within the mesoderm. L cells, which also did not grow following subcutaneous inoculation into the strain of mice from which they originated, assumed an epithelioid appearance on the ectoderm and infiltrated very slowly (Table) . Normal mouse peritoneal cells, labelled or unlabelled with colloidal carbon, attached poorly to the ectodermal surface and infiltrated the CAM to a greater extent than the BHK21 or L cells, but infiltration was not very extensive (Table) .
Cultitre of turmour cells on the CAM3
The polyoma virus transformed BHK21 cells, PyY, penetrated the ectodermal layer rapidly within one day (Table) and appeared to cause some local damage to the normal cells of the target tissue. The SV40 virus transformed BHK21 cells (SVI09) behaved very similarly, infiltrating rapidly and often causing local damage to the cells of the tissue. After 2 days many of these tumour cells had reached the mesoderm and were deep within the tissue ( Fig. 2, 6 ; Table) . Cells of the Harding-Passey mouse melanoma also invaded deeply into the ectoderm and mesoderm within 2-3 days ( Fig. 8; Table) , but, unlike the virus transformed BHK21 cells, they appeared initially to form very long cytoplasmic probes which infiltrated between the ectoderm cells (Fig. 7) . They did not appear to cause any obvious damage to the cells of the normal tissue. It was possible to distinguish between 2 cell lines, P4 and P4T, originally derived from normal mouse lung tissue but now showing different degrees oftumorigenicity in mice (Barski et al., 1966) . The more tumorigenic cell line, P4T, contained a small but significant proportion of cells which were capable of penetrating deeply within the CAM (Fig. 4; Table) , which the less tumorigenic line, P4, appeared incapable of doing ( Fig. 3 ; Table) .
Active responses of the CAM ectoderm to "foreign" tissue cells were observed unequivocally only when a line of rat fibroblasts which had been transformed with Schmidt-Ruppin virus, SR, was applied to the surface of the CAM. When these cells were applied as a single cell suspension they normally infiltrated quite actively (Table) , but they were rather cohesive and frequently formed large aggregates on the CAM surface. When this occurred, the ectoderm appeared to respond by migrating towards the aggregate and extruding it into the overlying space (Fig. 9) . The ectoderm was increased in thickness underneath the tumour cell agrgregates and was thinner elsewhere. This response was rapid, within one day, and as no mitoses could be detected within the cells of the protruding stalk of ectodermal cells it appeared highly probable that the aggregates of SR cells had induced the migration of the ectodermal cells rather than their proliferation.
Walker carcinosarcoma cells of the rat were an example of tumour cells which appeared to adhere rather poorly to the ectoderm yet had a high infiltrative capacity ( Fig. 10; Table) . They also appeared to cause considerable damage to the ectodermal layer. The only carcinoma cells tested in this system were a line of guinea-pig hepatoma cells derived from a diethylnitrosamine induced tumour. These cells were rather poorly adhesive to the ectoderm and weakly infiltrative (Table) original size. This contraction was uniformly and reproducibly eliminated in the presence of cyclic AMP, with the result that the upper layer of ectodermal cells was much thinner and therefore presented a weaker barrier to tumour cell infiltration.
Other tissues
Chorioallantoic membranes from the eggs of the Japanese quail were used as target tissues because their cells contained a region of condensed heterochromatin which facilitated identification of added mammalian cells (Le Douarin and Barq, 1969) . As with the CAM of the hen egg, it was found that L cells did not significantly invade the quail CAM, whereas the highly invasive tumour cells penetrated rapidly, but the use of this tissue was abandoned because of the small areas of CAM available from each egg.
Omentum attached, spread and proliferated on its surface but did not infiltrate at all through the layer of dense collagen with which they were in contact over a period of 7 days' culture ( Fig. 11) (Fig. 12) , a result identical with that obtained by Dontenwill, Chevalier and Reckzeh (1973) (Johnson, Friedman and Pastan, 1971; Hsie and Puck, 1971; Macintyre et al., 1972) . For example, these transformed cells which have the ability to form multilayers with random cell orientation and strong agglutinability by wheat germ lipase recover many of the properties of normal fibroblasts following treatment with dibutyryl cyclic AMP, forming monolayers with parallel orientation and acquiring weak agglutinability by wheat germ lipase. Addition of dibutyryl cyclic AMP and testosterone propionate to cultures of PyY, SV109 and HardingPassey melanoma cells on the CAM did not significantly reduce their ability to infiltrate the CAM, indicating that this property was not repressed in these tumour cells by treatment with these substances, although the normal contraction of the CAM was completely abolished. It may be significant that although Macintyre et al. (1972) observed that human tumour astrocytes grew more slowly and to lower terminal cell densities following treatment with dibutyryl cyclic AMP, these cells still grew in overlapping patterns and did not develop contact inhibition of movement or growth under these conditions.
Colcemid is known to change the morphology of fibroblasts, causing contraction of cytoplasmic processes and largely eliminating directional migration (Vasiliev et al., 1970) . Similar effects of colcemid were observed on monolayer cultures of SR, PyY and Harding-Passey melanoma cells in this work, but treatment of these cells with colcemid did not significantly inhibit their ability to infiltrate the CAM (Table) .
The long cytoplasmic processes of the Harding-Passey melanoma cells, which were such a prominent feature of their infiltration between the ectodermal cells, were abolished but invasion took place just as rapidly. These long processes did not, therefore, appear to play an essential role in the invasion of these tuimour cells.
